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Foreword 

This report presents the results of an effort for IEA Bioenergy Task 40 to develop a modelling tool for 

international biomass trade. Part of this work has also been done in the frame of the RE-Shaping 

project, and parts of the methodology and the results have also been published as a RE-Shaping 

deliverable  (Hoefnagels, Junginger et al. 2011). In addition, the scenarios for International solid 

biomass imports were originally developed for the European Commission (Junginger, 2011). 

The main aim of this report is to illustrate the approach to include logistic cost of biomass in an 

energy model and implications to supply and demand of biomass for bioenergy. The costs, as 

presented in this report, are not intended to and do not always reflect actual (fluctuating) prices of 

feedstocks, pre-processing and transport of bulk freight.  

 

  



iii 
 

Contents 
Contents ................................................................................................................................................. iii 

Abbreviations .......................................................................................................................................... v 

1 Introduction .................................................................................................................................... 1 

1.1 Background information and problem definition ................................................................... 1 

1.2 Aim of this study ..................................................................................................................... 1 

1.3 Approach ................................................................................................................................. 2 

2 The National Renewable Energy Action Plans and expected supply and demand of biomass for 

bioenergy ................................................................................................................................................ 3 

2.1 Electricity and heat from biomass in the NREAPs ................................................................... 3 

2.1.1 Electricity from biomass .................................................................................................. 3 

2.1.2 Heat from biomass .......................................................................................................... 6 

2.1.3 Biogas injected into the grid ........................................................................................... 9 

2.2 Biomass supply and expected demand ................................................................................... 9 

2.2.1 Biomass supply (EU-27 domestic sources) ...................................................................... 9 

2.2.2 Biomass demand ........................................................................................................... 10 

2.3 Issues related to the biomass supply estimates in the NREAPS ........................................... 11 

2.3.1 Missing data and tables ................................................................................................ 11 

2.3.2 Units .............................................................................................................................. 11 

2.3.3 Categories ..................................................................................................................... 12 

2.3.4 Realisability of the estimated potentials ...................................................................... 12 

3 Modelling intermodal transport chains of biomass for bioenergy in Europe .............................. 14 

3.1.1 The transport network .................................................................................................. 14 

3.2 Transport modes, cost and performance ............................................................................. 16 

3.2.1 Fuel consumption.......................................................................................................... 16 

3.2.2 Freight volume (stowage factor) ................................................................................... 16 

3.2.3 Transport modes ........................................................................................................... 16 

3.2.4 Transhipment ................................................................................................................ 19 

3.2.5 Country specific parameters: fuel, tolls and labour cost .............................................. 20 

3.2.5.3 Labour cost ........................................................................................................................ 20 

4 Scenarios for Inter-European solid biomass trade ........................................................................ 21 

4.1 Introduction and aim ............................................................................................................ 21 

4.2 Approach and scope definition ............................................................................................. 21 

4.3 The business as usual / low import scenario ........................................................................ 23 



iv 
 

4.3.1 East and West Canada................................................................................................... 23 

4.3.2 South East USA .............................................................................................................. 24 

4.3.3 North-West Russia: ....................................................................................................... 25 

4.3.4 North-East Brazil ........................................................................................................... 26 

4.3.5 Liberia ............................................................................................................................ 26 

4.4 The high import scenario ...................................................................................................... 28 

5 Results ........................................................................................................................................... 30 

5.1 Transport cost ....................................................................................................................... 30 

5.2 Impact of transport cost on trade flows ............................................................................... 33 

6 Discussion ...................................................................................................................................... 39 

7 Conclusion ..................................................................................................................................... 42 

References ............................................................................................................................................ 45 

Appendix I ............................................................................................................................................. 49 

Appendix II ............................................................................................................................................ 52 

 

  



v 
 

Abbreviations  
 

AP Agricultural products 
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MS Member states 
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PV Photovoltaic 

RED Renewable Energy Directive 

RES Renewable energy systems 

SNP Strengthened national support 

t Metric tonne 

TJ Terajoule (10^
12

 joule) 

tkm tonne kilometer 

UK United Kingdom 

VAT Value added tax 

vh Vehicle hour 

vkm Vehicle kilometer 
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1 Introduction  

1.1 Background information and problem definition  
In the past few years, the European Union has been the centre for solid biomass demand and with 

concerns regarding security of supply, global climate change and ambitious targets for renewable 

energy, it is expected that the European and global demand for biomass for energy will increase. The 

new Renewable Energy Directive (RED) (EC 2010), and the ensuing national Renewable Energy Action 

Plans (NREAPs) that are published for all EU-27 member states since February 2011, provide insight in 

the future demand for biomass up to 2020 (ECN 2011) confirming increasing trends of biomass use for 

bioenergy in Europe. 

In the past years, we have seen, that new sources of biomass have been mobilized to meet the 

European demand, including residue streams (two examples are palm kernel shells shipped from SE Asia 

to Europe, and wood pellets from sawdust shipped from British Columbia to Europe) and biomass from 

dedicated plantations (e.g. palm oil from SE Asia, ethanol from Brazil and wood pellets from plantation 

wood in the SE of the US).However, it is as yet unclear how much of the future demand can be supplied 

by untapped resources within the EU-27, and how much is likely to be sourced from outside the EU. 

Policy makers have to deal are faced with this and other uncertainties. Similarly, different industrial 

sectors are faced with increasing competition, e.g. lignocellulosic feedstocks are already heavily utilized 

to produce electricity and heat, but in the future may also be a sourced for 2nd generation biofuels 

production. Next to this, demand by the paper, construction and particleboard industries, is also 

uncertain (Mantau, Saal et al. 2010).  

With the publication of the NREAPs, on-going modelling work and statistical analysis such as the 

PELLETS@TLAS project (PELLETS@TLAS 2009), REFUEL (REFUEL 2009), GREEN-X (RE-Shaping 2011) and 

scenario development of future biomass trade (LUT), insight in the current and future demand and 

supply of biomass for bioenergy is growing. However, no model exists that can even remotely capture 

on-going biomass energy trade flows, data availability for both current and future supply and demand of 

biomass is such that efforts can be justified to devise a modelling tool to describe on-going and possible 

future trade flows.  

Such a modelling tool would be very helpful to provide clarification on the role of biomass for meeting 

renewable energy targets to policy makers. Similarly, such scenario analysis could also be very helpful 

for the industry to compare these visions with their own global sourcing strategies. 

1.2 Aim of this study  
The aim of this study is therefore to i) get a comprehensive overview of expected biomass production 

and demand for the EU-27 member states, and the resulting biomass deficits/surplus which may be 

covered by international bioenergy trade, and ii) to develop a modelling tool linked to the Green-X 

model to simulate biomass trade flows in the EU-27 up to 2020. 
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1.3 Approach  
To assess likely trade flows of biomass for bioenergy in context of supply and demand, this study is 

divided into three parts. Part  1 covers an analysis of the NREAPs, in part  2, an intermodal transport 

model is developed and in part 3, results of the transport model are integrated in the renewable energy 

model GREEN-X and scenarios on bioenergy trade are modelled. 

The analysis of the NREAPs focuses on final energy produced from biomass that is expected to 

contribute to the total share of renewables in the NREAPs and the amount of biomass EU MS expected 

to mobilize from domestic sources and how much is required from import for electricity and heat. The 

results of the NREAPs for bioenergy are compared with the supply potentials, as available in the GREEN-

X model and with existing model projections. Biomass used for transport fuels are beyond the scope of 

this study. In addition, a detailed analysis on the quality of the NREAPs has been conducted for selected 

member states (MS). 

To model trade flows of solid biomass within Europe, a geospatial explicit intermodal transport model 

Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ bŜǘǿƻǊƪ !ƴŀƭȅǎǘ ŜȄǘŜƴǎƛƻƴ ƻŦ 9{wLΩǎ !ǊŎDL{ (ESRI 2010). The model includes 

four transport modalities (truck, train, inland ship and short sea shipping) that are connected via 

transhipment terminals. The origins and destinations of biomass supply and demand regions are 

connected via lowest cost routes.  

The resulted cost and greenhouse gas (GHG) emissions are implemented as origin ς destination specific 

cost and GHG premiums in the renewable energy model GREEN-X and combined with Low Import and 

High Import scenarios of non-EU biomass. For these scenarios, combined with the EU targets on 

renewable energy, likely trade flows are modelled in GREEN-X. 

This report describes the results of the assessment of the NREAPs (Section 2) and provides a description 

of the modelling framework developed for Intra-European trade flows (Section 3). Inter-European trade 

flows, i.e., biomass imported from non-EU regions are described in section 4. Section 5 discusses the 

model outcomes of GREEN-X, including the implications of biomass trade, and section 6 and 7 ends with 

the discussion and conclusion respectively.  
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2 The National Renewable Energy Action Plans and expected supply 

and demand of biomass for bioenergy  
This section discusses the information available in the NREAPs on the planned share of biomass for 

electricity and heat to meet the binding renewable energy targets of the EC. Although planned to be 

published in June 2010, all NREAPs were finally available and processed by ECN (2011) by February 2011. 

Additional answers and clarifications provide by member states to the EC were published in July 2011 on 

the NREAP website of the EC. This section uses the information available from July 2011 onwards by the 

EC (2011) and ECN (2011). In addition, detailed information on the NREAPs provided by IEA Bioenergy 

Task 40 partners for selected member states has been included. 

2.1 Electricity and  heat from biomass in the NREAPs 
Table 2-1 shows the total contribution of RES electricity, RES heating/cooling1 and RES transport. RES-

heat is projected to remain the largest contributor to total renewable energy production in Europe and 

including mainly heat from biomass (92% in 2005 to 80% in 2020 of total RES-heat). Because RES-

electricity from biomass competes with other alternatives such as hydro, wind and PV, the current and 

future total share of biomass electricity is low compared to heat (6% in 2005 to 8% in 2020 of total 

renewable energy and 14% in 2005 to 19% in 2020 of total RES-electricity). RES-transport consists 

almost 90% of ethanol and biodiesel from biomass in 2020 followed by RES-electricity in transport (10%) 

and others (2%). Transport fuels are not covered in this study. 

Table 2-1 Total contribution from renewable energy sources (RES) for all EU-27 member states (ECN, 2011) and contribution 
of biomass to total RES production.  

    Final energy (Mtoe) Share total renewable energy (%) 

    2005 2010 2015 2020 2005 2010 2015 2020 

RES electricity  Total 41.1 55.0 76.2 103.1 42% 40% 42% 42% 

  Of which biomass 5.9 9.8 14.5 19.9 6% 7% 8% 8% 

RES-heating/cooling Total 54.7 67.9 84.8 111.6 55% 50% 47% 46% 

  Of which biomass 50.1 59.8 72.3 89.5 51% 44% 40% 37% 

RES-transport Total 3.9 15.1 21.3 32.0 4% 11% 12% 13% 

Total RES Total 98.7 137.0 180.9 244.5 100% 100% 100% 100% 

2.1.1 Electricity from biomass  

The amount of electricity from biomass is projected to double between 2010 and 2020. Germany, the 

UK, France and Italy project the largest absolute growth between 2010 and 2020, but also smaller 

countries such as Belgium, the Netherlands project significant growth in bioelectricity generation (Figure 

2-1). Solid biomass remains the largest feedstock for electricity generation, whereas liquid biomass has 

the lowest share (Table 2-2). Note that liquid biomass includes mainly electricity generation from black 

liquor from pulp and paper industries (e.g. in Finland). It is unclear if also other liquid biofuels that might 

be subject to sustainability issues (e.g. palm oil) are included.  

                                                           
1
 Note that biomass cooling is not used in any of the NREAPs and is therefore only mentioned in table 2-1. 
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Figure 2-1 Projected total electricity generation from biomass (solid, liquid and biogas) (ECN, 2011) 
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Table 2-2 Gross electricity generation from biomass (GWh), based on table 10a and 10b from the NREAPs (adjusted from ECN, 2011) 

Country 

Biomass electricity generation Biomass electricity generation per feedstock type 

Biomass electricity Of which CHP (%) Solid biomass Biogas Liquid biomass 

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 

AT 2823 4720 4826 5147 61% 68% 69% 70% 2507 4131 4223 4530 283 553 567 581 33 36 36 36 

BE 1791 3007 5952 11039 NA NA NA NA 1521 2580 5145 9575 235 393 777 1439 35 34 30 25 

BG 0 2 656 871 NA 100% 100% 100% 0 0 387 514 0 2 269 357 0 0 0 0 

CY 0 30 84 143 NA NA NA NA NA NA NA NA 0 30 84 143 NA NA NA NA 

CZ 721 1930 4819 6165 66% 100% 100% 100% 560 1306 3065 3294 161 624 1754 2871 0 0 0 0 

DE 14025 32777 42091 49457 NA 16% 28% 42% 10044 17498 21695 24569 3652 13829 18946 23438 329 1450 1450 1450 

DK 3243 3772 6034 8846 100% 100% 100% 100% 2960 3578 5312 6345 283 194 721 2493 0 0 1 8 

EE 33 241 346 346 100% 100% 100% 100% 33 241 346 346 NA NA NA NA NA NA NA NA 

EL 94 254 504 1259 NA 29% 14% 12% NA 73 73 364 94 181 431 895 NA NA NA NA 

ES 2652 4518 5962 10017 28% 32% 31% 25% 2029 3719 4660 7400 623 799 1302 2617 0 0 0 0 

FI 9660 8090 9880 12910 88% 99% 95% 96% 9640 3930 5300 7860 20 40 50 270 NA 4120 4530 4780 

FR 3819 5441 10495 17171 88% 100% 100% 100% 3341 4506 8366 13470 478 935 2129 3701 0 0 0 0 

HU 0 1955 2250 3324 NA 6% 32% 90% NA 1870 1988 2688 NA 85 262 636 NA NA NA NA 

IE 116 348 887 1006 11% 11% 7% 56% 8 28 567 687 108 320 320 319 0 0 0 0 

IT 4675 8645 13712 18780 51% 31% 31% 31% 3477 4758 6329 7900 1198 2129 4074 6020 0 1758 3309 4860 

LT 7 148 761 1223 100% 99% 100% 100% 3 98 533 810 4 50 228 413 0 0 0 0 

LU 46 69 200 334 59% 94% 94% 95% 19 25 77 190 27 44 123 144 NA 0 0 0 

LV 41 72 664 1226 98% 97% 86% 76% 5 8 271 642 36 64 393 584 NA NA NA NA 

MT 0 9 140 135 NA NA NA NA NA 0 86 86 NA 9 54 50 NA NA NA NA 

NL 5041 5975 13350 16639 31% 48% 38% 50% 4758 5103 11189 11975 283 872 2161 4664 0 0 0 0 

PL 1451 6028 9893 14218 100% 31% 32% 36% 1340 5700 8950 10200 111 328 943 4018 0 0 0 0 

PT 1976 2392 3359 3516 66% 64% 59% 56% 934 1092 1468 1468 34 130 368 525 1008 1170 1523 1523 

RO 0 67 2050 2900 NA 101% 100% 100% 0 48 1450 1950 0 19 600 950 0 0 0 0 

SE 7570 10631 13692 16753 100% 100% 100% 100% 7452 10513 13574 16635 53 53 53 53 65 65 65 65 

SK 32 610 1349 1710 100% 100% 100% 100% 27 540 725 850 5 70 624 860 NA NA NA NA 

SI 114 298 623 676 100% 100% 100% 100% 82 150 272 309 32 148 351 367 0 0 NA NA 

UK 9109 12330 14290 26160 NA 0% 6% 7% 4347 5500 7990 20590 4762 6830 6300 5570 NA NA NA NA 

EU-27 69039 114359 168869 231971 47% 44% 50% 54% 55087 76995 114041 155246 12482 28731 43884 63978 1470 8633 10944 12747 
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2.1.2 Heat from biomass  

Biomass heat in the EU-27 is projected to increase with almost 50% from 59.8 Mtoe in 2010 to 89.5 

Mtoe in 2020. Main contributors to the absolute growth are France (64% growth), Italy (141% growth), 

the UK (112% growth) and Germany (25% growth) as depicted in Figure 2-2. Especially heat from CHP 

plants is projected to contribute more in 2020 (32%) compared to 2010 (22%) whereas the absolute 

contribution of households remains relatively constant (Table 2-3). Although heat from biogas is 

estimated to grow rapidly (e.g. in Germany) (Table 2-4), in absolute terms, heat from the combustion of 

solid biomass generation remains the largest (89% in 2020).  

 

Figure 2-2 Heat generation from biomass including heat from biomass CHP (solid, liquid and biogas) (ECN, 2011) 
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Table 2-3 Heat generation from biomass per sector (ktoe), based on table 11 from the NREAPs (adjusted from ECN, 2011). 

Country 

Total biomass heat generation 

Of which (%): 

Heat from CHP Stand alone (industrial/residential) Households 

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 

AT 3162 3625 3656 3805 15% 24% 23% 24% 0% 0% 0% 0% 85% 76% 77% 76% 

BE 477 682 1178 2034 0% 0% 0% 0% 100% 100% 100% 100% 0% 0% 0% 0% 

BG 724 736 1056 1200 0% 0% 14% 16% 0% 0% 0% 0% 100% 100% 86% 84% 

CY 4 18 24 30 0% 0% 0% 0% 58% 62% 61% 61% 42% 38% 39% 39% 

CZ 1374 1805 2407 2781 9% 26% 46% 47% 27% 14% 3% 4% 64% 61% 51% 49% 

DE 7261 9092 10389 11355 0% 13% 25% 38% 39% 26% 19% 9% 61% 61% 56% 53% 

DK 1760 2245 2545 2991 51% 46% 61% 68% 9% 11% 1% 0% 40% 43% 38% 32% 

EE 505 612 626 607 2% 11% 15% 15% 98% 89% 85% 85% 0% 0% 0% 0% 

EL 951 1020 1138 1238 0% 1% 1% 2% 38% 38% 46% 50% 62% 60% 53% 48% 

ES 3477 3591 4060 4950 6% 11% 11% 12% 36% 32% 38% 45% 58% 57% 51% 43% 

FI 5490 4980 5800 6610 44% 45% 44% 48% 35% 35% 38% 35% 20% 20% 19% 17% 

FR 9153 10018 12828 16455 10% 14% 20% 25% 18% 18% 24% 30% 72% 68% 55% 45% 

HU 0 813 830 1637 NA 4% 22% 44% NA 21% 5% 0% NA 75% 73% 56% 

IE 183 198 388 486 1% 3% 4% 26% 90% 85% 90% 69% 9% 12% 6% 5% 

IT 1755 2464 3879 5933 35% 27% 26% 22% 0% 13% 15% 17% 65% 60% 60% 61% 

LT 686 665 886 1035 0% 5% 20% 26% 91% 86% 75% 70% 8% 9% 5% 4% 

LU 22 32 62 103 26% 41% 61% 66% 3% 0% 0% 0% 71% 59% 39% 34% 

LV 1119 1023 1191 1409 1% 1% 10% 14% 31% 30% 29% 30% 69% 69% 62% 56% 

MT 0 1 2 2 NA 0% 0% 0% NA 100% 100% 100% NA 0% 0% 0% 

NL 657 961 1487 2071 67% 79% 86% 92% 8% 5% 3% 0% 24% 17% 11% 8% 

PL 403 3911 4227 5089 100% 13% 19% 23% 0% 87% 81% 77% 0% 0% 0% 0% 

PT 2508 2182 2349 2329 15% 19% 22% 21% 39% 50% 51% 53% 46% 30% 27% 26% 

RO 0 16 484 654 NA 100% 100% 100% NA 0% 0% 0% NA 0% 0% 0% 

SE 7078 7883 8686 9491 31% 38% 43% 46% 55% 49% 44% 41% 15% 14% 13% 12% 

SK 358 454 636 759 2% 36% 46% 46% 88% 57% 48% 46% 9% 8% 6% 7% 

SI 449 438 549 580 6% 15% 23% 23% 20% 9% 6% 9% 73% 76% 70% 68% 

UK 560 323 961 3914 0% 0% 19% 12% 100% 90% 71% 70% 0% 10% 10% 18% 

EU-27 50116 59791 72325 89548 18% 22% 29% 32% 33% 33% 31% 32% 49% 45% 40% 36% 
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Table 2-4 Heat generation from biomass per feedstock type, based on table 11 from the NREAPs (adjusted from ECN, 2011) 

Country 

Total heat generation per feedstock type 

Solid biomass Liquid biomass Biogas 

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020 

AT 3128 3558 3589 3738 6 7 7 7 28 60 60 61 

BE 476 669 1138 1947 0 4 14 32 2 9 26 55 

BG 724 736 1015 1147 0 0 0 0 0 0 41 54 

CY 4 18 24 30 0 0 0 0 0 0 0 0 

CZ 1351 1706 2137 2350 0 0 0 0 23 99 270 431 

DE 6794 7516 8389 8952 313 664 688 711 154 912 1312 1692 

DK 1714 2178 2426 2609 0 8 8 8 46 59 111 374 

EE 505 612 626 607 0 0 0 0 0 0 0 0 

EL 951 1012 1128 1222 0 0 0 0 0 8 10 16 

ES 3441 3550 3997 4850 0 0 0 0 36 41 63 100 

FI 5450 2710 3300 3940 0 2240 2470 2610 40 30 30 60 

FR 9067 9870 12500 15900 0 0 0 0 86 148 328 555 

HU 0 812 800 1552 0 0 0 0 0 1 30 86 

IE 176 188 362 453 0 0 0 0 7 10 26 33 

IT 1655 2206 3404 5254 0 153 279 397 100 105 196 282 

LT 685 657 851 973 0 0 0 0 1 8 35 62 

LU 19 25 44 83 0 0 0 0 3 6 18 21 

LV 1113 1013 1139 1343 0 0 0 0 6 10 52 66 

MT 0 0 0 0 0 0 0 0 0 1 2 2 

NL 588 850 1313 1722 0 0 0 0 69 111 174 349 

PL 385 3846 3996 4636 0 0 0 0 18 65 231 453 

PT 1785 1514 1515 1484 713 655 801 801 10 13 33 44 

RO 0 13 392 511 0 0 0 0 0 3 92 143 

SE 6992 7800 8607 9415 65 65 65 65 21 18 14 11 

SK 357 443 540 630 0 0 0 0 1 11 96 129 

SI 401 415 483 497 43 0 12 28 5 23 54 55 

UK 493 305 904 3612 0 0 0 0 67 18 57 302 

EU-27 48254 54224 64618 79456 1140 3796 4344 4659 723 1771 3363 5434 
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2.1.3 Biogas injected into the grid  

The Netherlands includes also an additional category for biomass injected into the natural gas grid. The 

Netherlands assumes that this will increase from 31 ktoe in 2010 to 202 ktoe in 2015 and 582 ktoe in 

2020. This category has not been included in the estimations of biomass requirements in this study. 

2.2 Biomass supply and expected demand  

2.2.1 Biomass supply (EU-27 domestic sources)  

Figure 2-3 depicts the estimated amount of biomass in the NREAPs (left columns) and the amount of 

biomass potentially available for energy production used in the Green-X model. It should be noted that 

the total amount of biomass available in Green-X also includes biomass from expensive resources such 

as expensive complementary fellings (forestry direct). The price of these biomass types are more 

expensive than forestry imports from abroad and are therefore likely only used in scenarios with high 

biomass demand (Figure 2-4).   

 

Figure 2-3 Biomass supply in the NREAPS and Green-X for the EU27 from primary, secondary and tertiary resources in 2020. 
The left columns are based on table 7a of the NREAPS (partly based on ECN 2011), the right columns show the potentials that 
are used in the Green-X model (Resch 2011). 

For most countries that include estimations of biomass in table 7a of the NREAPS for 2020, the supply of 

primary biomass is higher in the Green-X database than in the NREAPS apart from Slovakia (SK), the UK 

and the Netherlands (NL). In absolute terms, the largest difference between the NREAPs and Green-X 

are in the estimated potentials of direct biomass from agriculture in France (FR) and Spain (ES), Poland 
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(PL), Romania and Germany (DE). The Green-X projections of biomass demand, i.e. the total potential 

that will be used, for Spain, France and Poland are much lower than the total technical potential and in 

range with the projected demand and supply of biomass in the NREAPs (Figure 2-4). For Germany, the 

demand for primary biomass in the NREAPs is in range with Green-X whereas the supply in the NREAPs 

is significantly lower. This would imply that imports of biomass are required to meet the demand in 

Germany in 2020. 

The main differences between the domestic supply of biomass in the NREAPs and Green-X are found in 

relatively expensive biomass categories including direct forestry products and direct products from 

agriculture (mainly energy crops). Expensive complementary fellings, that are included in the potentials 

of Green-X under direct products from forestry, could explain part of the difference between the 

NREAPs and Green-X for this category (mainly in Finland, France, Poland and Spain). Energy crops in the 

NREAPs are significantly lower in France (12 Mtoe), Spain (9 Mtoe), Poland (9 Mtoe), Romania (7 Mtoe) 

and Italy (4 Mtoe). As shown in Figure 2-4, the potentials in Green-X are not fully used because not all 

biomass resources will become economically available in the scenarios. Some of these expensive 

biomass resources might already have been excluded from the NREAP tables. 

Indirect products from agriculture in Green-X mainly exists of straw, but excludes biogas from animal 

manure. For France (11 Mtoe difference), the potential of indirect products from agriculture is linked to 

the conservative estimates for direct agricultural biomass. Italy includes large potentials for biogas from 

animal manure in this category. 

The exclusion of certain categories in the estimated supply of biomass in the NREAPs for 2015 and 2020 

(table 7a), as described below, also explains some of the differences between the NREAPs and Green-X.  

2.2.2 Biomass demand 

The blue columns in Figure 2-4 show the total potential supply of biomass from the NREAPS, similar to 

Figure 2-3 and the estimated demand based on the projections of final bioenergy for electricity, heat 

and transport fuels in the NREAPs from table 10, 11 and 12 in 2020. The red columns show the potential 

for biomass as implemented in Green-X and projection ranges of demand for 2020 for three scenarios 

including Business As Usual (BAU), BAU barriers mitigated and Strengthened National Support (SNP). 

This figure shows that not all of the technical potentials in Green-X are projected to be used for 

bioenergy as some of these biomass categories are not projected to become economically available in 

the scenarios. This is in particular true for countries that show large differences between the NREAPs 

and Green-X (Spain, France and Poland).    
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Figure 2-4 Primary biomass supply and demand for electricity, heat and biofuels in the National Renewable Action Plants 
(table 7a) and Green-X supply and demand ranges for the scenarios Business as Usual (BAU), BAU Mitigated barriers and 
Strengthened National Support for 2020 (Resch, 2011). 

2.3 Issues related to the biomass supply estimates in the NREAPS  
This section is mainly based on input from the IEA Bioenergy Task 40 partners in Austria (EEG/TU Wien), 

Denmark (Technologisk Institut), Finland (Lappeenranta University of Technology) and Germany (Oeko 

Institute/DBFZ).    

2.3.1 Missing data and tables  

A major part of the NREAPs do not include all categories of biomass in Table 7 (supply in 2006) and 7a 

(supply in 2015 and 2020) of biomass from forestry; direct (A1) and indirect (A2), biomass from 

agriculture: direct (B1) and indirect (B2) and biomass from the biodegradable fraction of waste: MSW 

(C1), industry (C2) and sewage sludge (C3). Finland and Latvia exclude the expected supply of biomass 

for 2015 and 2020 whereas Estonia and Greece only provides estimates on direct forestry products (A1) 

and additional information in text. Note that additional information in appendices or resubmitted 

NREAPs are now available online. Finland, for example, added the missing tables (7a and 8) in the 

appendices of the resubmitted NREAP. 

Other countries that only include part of the biomass categories in table 7a are Bulgaria (only B1 and 2), 

Denmark (excludes B1), Estonia (excludes B1, B2 and C1 and C2) and Slovenia (includes only A1 and C2).  

2.3.2 Units  

The data in table 7 and 7a of the NREAPS are presented in various units of volume m3, weight (ton wet 

or dry basis) or calorific value: ktoe, PJ/yr. For data presented in volume (m3), the main issue is to 

combine volumes of solid biomass and liquid biomass in category A2 (indirect supply of wood biomass). 

Black liquor, from the pulp and paper industry, cannot directly be added to solid biomass categories. The 

liquid volume is different from the solid volume and secondly, the energy density of black liquor (9.0 
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MJ/kg wb (wet basis)) is lower than most indirect woody biomass sources (e.g. waste wood 15.8 MJ/kg 

wb) (ECN, Phyllis). Also, it is sometimes unclear if data presented in weight is on wet or dry basis.  

In some cases, the specific energy content of the expected amount of domestic resources can be derived 

from the column primary energy production (ktoe). However, this column is interpreted differently by 

the MS.  The UK, for example, provides the total estimated renewable energy (heat and electricity) 

produced in this column. Luxembourg considers the total primary production in table 7a to be the total 

primary demand for biomass and provides the total domestic supply in the column for total primary 

energy production.  

Also inconsistencies were found in the units used. Greece appears to provide biomass from direct 

agriculture (B1) in Mtoe rather than the reported units (ktoe). A similar error was found for Malta. For 

Slovenia, it is most likely that the domestic supply of direct forestry should be 333 ktoe instead of 1333 

ktoe. 

2.3.3 Categories 

Also for other categories, adding up volumes or weight units can result in errors and is not always 

meaningful. Especially when it is unclear what is covered by the biomass categories included (e.g. 

rapeseed or rapeseed oil). Secondly, some categories are specific to certain conversion systems and 

have various calorific values such as manure (anaerobic digestion) and straw. Soybean oil could also be 

problematic as it is a by-product from soybean meal production (feed industry) and should therefore be 

included in category B2, secondary products.  

Furthermore, adding imported refined fuels to primary biomass feedstocks results in balance errors. For 

example, the NREAP of Austria includes a small consistency in category B (direct biomass from 

agriculture) of table 7 regarding imported biodiesel that is added to primary feedstocks.  

2.3.4 Realisability of the estimated potentials  

The future biomass supply potentials that are included in the NREAPs to meet the demand for 

electricity, heat and transport fuels is uncertain and depends on many factors including competitive use 

of other sectors or by-products created by other sectors (e.g. pulp and paper industries, biorefineries, 

sawmill industries). For Finland it was assumed that the volume of these industries, based on forestry 

products, remains at its peak. However, a study by the Finnish forest research institute, has estimated 

that the production of forest products in Finland will decrease towards 2020. 

The NREAP of Denmark estimates that the unexploited biomass potential is 130 PJ including municipal 

solid waste. This potential has been criticized. A report of the Danish Institute of Agricultural Sciences 

(2008) argues that the unexploited potential of biomass in Denmark is around 90 PJ or more. Some 

resources require additional development of handling and conversion such as grass, while straw and 

woody energy crops can be used directly. Still the potential is 40 PJ lower than estimated in the Danish 

NREAP and according to some Danish experts, even the 90 PJ is too optimistic (Ryberg and Nikolaisen 

2009). 
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The Netherlands expect to be able to produce a large share of its renewable energy target from biogas 

from (co-)digestion of manure which is likely too optimistic.   
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3 Modelling intermodal transport chains of biomass for bioenergy in 

Europe 
In order to identify likely trade routes of solid biomass and to quantify the specific costs and GHG 

emissions of the logistic chains of solid biomass trade, a geospatial network model has been developed 

in the ArcGIS Network Analyst extension (ESRI 2011). The model includes an intermodal network with 

road, rail, inland waterways and short sea shipping in Europe. The networks are connected via 

transhipment hubs where biomass can be transferred to other transport modalities (e.g. from truck to 

ship). The model optimizes for least cost or GHG emissions from demand to supply regions by transport 

costs and transhipment costs. Total cost and GHG emissions depend on the routes taken, transport 

modes used and number of transfers between different transport modes. 

3.1.1 The transport network  

The transport model uses a hubȤspoke method similar to Winebrake, Corbett et al. (2008) that connect 

different transport nodes via connectors (the spokes) to transhipment hubs. The nodes represent 

existing harbours, road exits and rail terminals. Links connecting these nodes represent existing roads, 

railways and canals or rivers. The centroids are connected to the nearest road, rail and waterway nodes 

via connectors. Cost evaluators were applied to these connectors representing the cost for 

transhipment (loading/unloading and storage) between different transport modes. Figure 3-1 depicts an 

example of a transhipment hub in a region including all transport modalities, e.g. Rotterdam. Note that 

in most regions only road and rail networks are available. Figure 3-2 provides an overview of the 

destinations used in the model.  Network data for road, rail and inland waterways (Figure 3-3) were 

based on the TRANSȤTOOLS V2 model (JRC 2009), a decision support model for transport impact 

analyses. Sea harbours were derived from the EC GISCO database. Links between sea harbours were 

created in ArcGIS, distances between harbours were derived from the WN Network database (WN 2010) 

and SeaRates.com (SeaRates.com 2010). Cost and GHG evaluators specific to biomass logistics were 

added to the TRANSȤTOOLS freight network. The performance parameters (cost and emissions) were 

based on literature review and expert interviews and added as evaluators to the logistic network in 

ArcGIS.  

Because biomass supply potentials in GREEN-X are available on country level, the spatial distribution of 

energy crops within countries of the EU-27 were derived from the results of the REFUEL project (de Wit 

and Faaij 2010) that provides the supply potential on NUTS-2 level. Relative availability of forestry 

residues and products were assumed to be similar to the forestry cover on NUTS-2 level (EUROSTAT 

2010). The potentials per NUTS-2 region within a country were combined with the biomass potentials 

and farm-gate costs on country level of the GREEN-X model. 
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Figure 3-1 the network model approach (hub-spoke) 
following Winebrake et al. (Winebrake, Corbett et al. 
2008; JRC 2009) 

 
Figure 3-2 EU-27 destinations (largest cities per NUTS-1 
region and/or  important harbours in the EU-27) 
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Figure 3-3 depiction of biomass distribution (NUTS-2 level) and network link layers for part of the biomass logistics 
model. 

 












































































